To determine the utility of the sympathetic skin response (SSR) in studying sympathetic outflow in cervical spinal cord injury (CSCI) patients who develop features of reflex sympathetic dystrophy, we studied seven consecutive CSCI patients with the shoulder-hand syndrome (SHS), and seven patients with similar injuries but without the manifestations of the SHS. The mean SSR amplitude was more than three times greater in patients with the SHS, a statistically significant difference. We restudied six patients with a SHS after symptoms had improved following steroid treatment: the mean amplitude fell significantly, approaching the mean for the control group. When pain was asymmetric, the SSR amplitude was higher in the arm with greater pain. Four of the seven SHS patients demonstrated an unusual pattern of spontaneous cyclical electrical activity during a period of severe pain. We conclude that a SHS complicating CSCI is associated with increased amplitude of the SSR, supporting the theory that sympathetic hyperactivity is important in the pathophysiology of reflex sympathetic dystrophy in this setting.
Introduction
The role of the sympathetic nervous system in reflex sympathetic dystrophy (RSD) and other chronic pain disorders remains uncertain. The diagnosis of RSD is made on clinical grounds; the characteristic features include: pain (usually of 'burning' quality) with tender ness, edema, vasomotor instability, trophic changes of the skin and nails, osteoporosis on radiograrhs, and increased uptake on radio nuclide bone scans .. 2 While most investigators attribute pathophysiological signific ance to sympathetic dysfunction in RSD, only a portion of patients respond to sympathetic blockade. Though it has long been assumed that features of RSD are mediated by increased sympathetic outflow, conflicting evidence has been reported.3,4 While it may be clinic ally useful to categorize chronic pain patients into two groups based on response to sympathetic blockade, patients meetin� strict criteria for RSD may fall into either category. Recent studies involving double-blind infusions of sympathetic agonist and antagonist drugs to chronic pain patients call into question the concept of 'sympathetically maintained pain'. 6.7 A method of measurement of sympathetic nerve function in the extremities would be useful in character izing the role of sympathetic dysfunction in RSD and other pain disorders. The sympathetic skin response (SSR), a technique involving measurement of voltage change across the palm following electrical stimulation, is a candidate for this purpose. The SSR can be measured with standard electromyographic equipment, and has been useful in the study of sympathetic function in various peripheral nerve diseases.8•9
The shoulder-hand syndrome (SHS), a form of RSD involving the upper extremities, is prevalent in patients undergoing rehabilitation following traumatic cervical spinal cord injury.1O-12 The common occurrence of the SHS in this setting may be related to the generalized autonomic dysfunction that is characteristic of tetra plegia. The SSR can be measured in tetraplegic individuals, and demonstrates low amplitudes and prolonged latencies compared to normal controls, with an inverse correlation between amplitude and severity of injury. 13 In this paper, we report and discuss the results of SSR studies performed on seven patients with trau matic cervical spinal cord injury who developed a SHS.
Methods
Seven consecutive cervical spinal cord injury patients of The Burke Rehabilitation Hospital who developed SHS were selected for neurophysiological studies. For comparison, seven patients with similar injuries but without manifestations of a SHS were also studied. The experimental protocol was approved by the institution's committee for human rights in research, and informed consent was obtained from each participant.
In each case, the diagnosis of the SHS was based on the presence of diffuse upper extremity pain with a 'burning' quality, edema, osteoporosis evident on radiographs, and, in the majority of the subjects, dystrophic skin and nail changes. Each patient met the criteria for probable RSD proposed by Kozin et al.
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The patients were tested in the inpatient ward sitting upright or slightly inclined in a wheelchair. They were asked to keep their eyes closed for the duration of the session. The ambient temperature was maintained at 73 degrees Fahrenheit. For patients with a SHS, the arm with greater pain was studied. The SSR was recorded with a Dantec Counterpoint Model Mk2 (Dantec, Skovlunde, Denmark). Using electrode coupling gel, a Dantec 13120 Ag/AgCI ECG surface electrode was placed on the palmar surface, and a similar reference electrode was placed in the center of the dorsal surface. Dantec 13L36 stimulation electrodes were attached with surgical tape to C3 and T8 derma tomes cor responding to sensory levels above and below the level of injury. After recording spontaneous activity, a square wave electrical stimulus of 20.0 Ma was applied for a period of 0.2 ms, and the response was recorded for 8 s. To avoid habituation, stimuli were applied to the C3 or T8 site in a seemingly random sequence at a frequency of no greater than one stimulation per min.
Measurements of amplitude and latency were ob tained from subsequent analysis of individual traces. Since waveforms vary considerably between and within subjects, every tracing was independently interpreted by two investigators. The latency was defined as the time from stimulation to the onset of the sympathetic response. The amplitude was defined as the absolute distance between the initial negative, then positive deflection. All tracings with clear SSRs were scored for amplitude and latency. Tracings with no recognizable response, or with other electrical activity (ie muscle movement) were disregarded. The three tracings with the largest amplitudes were selected for each stimula- 
Results
The clinical characteristics of the SHS patients and the control group are shown in Table 1 . The interval between injury and SSR examination was longer in the control group, but SSR amplitude in tetraplegic pa tients was unrelated to time since injury.
13 Figure 1 shows the SSR amplitudes for all the subjects. The mean amplitude was more than three times greater in patients with SHS, a statistically significant difference.
Six patients with a SHS were restudied after symp toms had improved following steroid treatment. As shown in Figure 2 , the mean amplitude fell signifi cantly, approaching the mean for the control group.
Symptoms of the SHS are usually bilateral.
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When pain was asymmetric, the SSR amplitude was higher in the arm with greater pain. Figure 3 shows bilateral measurements before and after treatment in a patient with asymmetric pain. The left hand, which was the more painful, had a greater amplitude before treat ment; after resolution of symptoms, the SSR response was symmetric. Four of the seven SHS patients demonstrated an unusual pattern of spontaneous electrical activity dur ing a period of severe pain, as depicted in Figure 4 .
Prior to any stimulation, both tracings demonstrated large amplitude sinusoidal deflections with a frequency of about 1.6 hz. This pattern has not been found during repeated testing of 16 patients with CSCI without SHS. It is not specific to the SHS: we have seen this response in one normal subject during a period of heightened anticipation prior to painful stimulus.
Discussion
These studies demonstrate that the SHS complicating CSCI is associated with increased amplitude of the SSR. This lends support to the theory that sympathetic hyperactivity is important in the pathophysiology of reflex sympathetic dystrophy in this setting.
A central question in the study of RSD is whether sympathetic outflow is increased in the affected limbs. Decreased skin temperature has been attributed to vasoconstriction mediated by increased sympathetic activity, but hypersensitivity of vascular receptors to The SSR measures sweat gland activation and thus cannot definitively distinguish increased sympathetic outflow from receptor supersensitivity. However, it is intriguing to hypothesize that the spontaneous cyclical activity shown in Figure 4 represents a reverberating, disinhibited sympathetic loop. We have previously reported that CSCI patients show diminished habitu ation of the SSR, consistent with impaired transmission of higher inhibitory influences across the injured spinal cord.13 Additional studies utilizing simultaneous SSR, microneurography and plasma catecholamine measure ments would clarify the relative contribution of in creased outflow and upregulation of receptors. Despite this limitation, we suggest that the SSR is an underutilized, non-invasive tool which can provide important information to clarify the role of sympathetic pathways in RSD and other chronic pain disorders. For example, this technique may be used to determine the relationship between sympathetic activity and various clinical parameters in RSD, determine whether sympa thetic hyperactivity predicts response to sympathetic blockade or other therapeutic modalities, and provide a measure of the adequacy of sympathetic blockade.
